We have investigated the effects of destruction of the geniculo-hypothalamic tract (GHT) on the circadian system of golden hamsters. In the first experiment, intact hamsters were housed in constant darkness, and phase shifts in running-wheel activity rhythms were assessed following 15-min light pulses administered at circadian time (CT) 12 (defined as the beginning of activity), CT 14, CT 18, and CT 20. Responses to light pulses at the same CTs were then reassessed after GHT lesions. Hamsters with complete lesions showed decreases in phase advances caused by light pulses at CT 18 and CT 20. Phase delays elicited by light at CT 12 and CT 14 were not altered. In a second study, intact and GHT-ablated hamsters housed in constant light received 6-hr dark pulses at various CTs. Hamsters with complete GHT ablation showed smaller advances than controls to dark pulses centered on CT 8-10. After 110 days in constant light, 7 of 10 intact hamsters showed splitting of their activity rhythms into two components, while only 1 of the 8 similarly treated ablated hamsters displayed dissociated activity components. Ablated hamsters had significantly shorter free-running periods during the first 35 days of exposure to constant light than did the intact hamsters. These results demonstrate that destruction of the GHT in the hamster alters phase shifting in response to periods of light or dark, and they indicate a role for the GHT in mediating several photic effects on the circadian system.
The suprachiasmatic nuclei (SCN) have been shown to be very important in the generation and control of circadian rhythms (Rusak and Zucker, 1979) . There are two identified pathways by which photic information reaches these hypothalamic nuclei in hamsters: a direct retino-hypothalamic pathway (Moore, 1973;  Pickard and Silverman, 1981) and an indirect pathway via the geniculo-hypothalamic tract (GHT). The GHT originates from retino-recipient cells in the intergeniculate leaflet (IGL) and ventral lateral geniculate nucleus (VLGN) of the thalamus (Pickard, 1982; Harrington et al., 1985) .
It is technically very difficult to selectively destroy the retino-hypothalamic tract, sparing the GHT and its retinal input. Thus, it has not been possible to use lesions to determine the specific contribution of the retino-hypothalamic pathway to entrainment of circadian rhythms.
Several studies have employed lesion techniques to examine the role of the pathways connecting the retina, geniculate area, and SCN in rhythm entrainment.
Damage to the geniculate area in hamsters was associated with a decrease in the rate of re-entrainment of activity rhythms to a reversed light-dark (LD) cycle (Zucker et al., 1976) . Hamsters with lesions of the optic tracts that spared the retino-hypothalamic tract showed various irregularities in their activity rhythms, the most consistent of which were an increased activity phase and a lengthened free-running period; however, these effects were quite variable across animals (Rusak, 1977;  Rusak and Boulos, 1981) . Photic entrainment of drinking rhythms in the rat was not altered by damage to the geniculate region (Donaldson and Stephan, 1982) or to the primary optic tracts, which supply the retinal input to this area (Stephan and Zucker, 1972) . One report described changes in SCN photic responses in rats after geniculate lesions (Groos and Mason, 1978) , but a subsequent study failed to replicate these effects (Groos, 1982) . Recent anatomical work has established that, in the rat and hamster, at least some of the neurons of the GHT may be identified by their immunoreactivity to neuropeptide Y (Card and Moore, 1982; Harrington et al., 1985) . Albers and Ferris (1984) showed that microinjection of neuropeptide Y near the SCN of a hamster phase-shifted activity rhythms. These phase shifts varied in direction and magnitude with the phase of the animal's rhythm at which the neuropeptide Y was administered. The resulting phase response curve resembled that for dark pulses given to hamsters under constant lighting (LL) (Boulos and Rusak, 1982; Ellis et al., 1982) . A similar phase response curve was observed for hamster activity rhythms after electrical stimulation of the IGL (Meijer et al., 1984) . These findings suggest that the neuropeptide Y-containing GHT neurons influence phase shifting of the hamster circadian system. We have investigated this hypothesis by assessing phase response curves for both light pulses and dark pulses after ablation of the GHT in hamsters.
METHODS

GENERAL METHODS .
Adult male golden hamsters (Charles River-Lakeview, Newfield, NJ) were taken from a colony room kept under an LD cycle (lights-on 0600 hr to 2000 hr, Atlantic Daylight Time) and were housed in individual cages (46 x 25 x 20 cm). Cages were cleaned and food and water replenished approximately every 10 days at random times during the light phase. A dim (3-lux) red flashlight was used if hamsters were housed in constant dark (DD); no phase shifts were ever observed in response to routine exposure to this light. Cages were equipped with running wheels (17 cm in diameter), the rotations of which activated a pen on an Esterline Angus event recorder. Each individual hamster's wheel-running record was cut into segments representing 24 hr, and each day's record was pasted below the previous day's.
After free-running rhythms were established, hamsters were exposed to light or dark pulses given at various circadian times (CT)s, with CT 12 being defined as onset of wheel-running activity and all measures being normalized to correct for differences in free-running periods . A minimum of 10 days separated pulses to allow stabilization of the rhythm. Phase shifts were assessed by calculating two regression lines-one line through at least 10 successive activity onsets before the pulse, and the other line through 10 onsets after transient responses to the pulse had disappeared. These regression lines were extrapolated to the first day after the pulse, and the difference between the two extrapolated onset phases was used as an estimate of the phase shift.
Some hamsters received radiofrequency lesions intended to ablate bilaterally both the IGL and the anterior VLGN, areas containing cells that project to the SCN. (Pickard, 1982; Harrington et al., in press) . Surgery was performed under sodium pentobarbital anesthesia (80 mg/kg). Hamsters were positioned in a Kopf stereotaxic instrument with the incisor bar 2.0 mm below the interaural line. Radiofrequency lesions were placed at three rostrocaudal positions (1.6, 1.1, and 0.6 mm caudal to bregma; 3.0, 3.15, and 3.2 mm lateral to the midline; and 5.0, 4.65, and 4.4 mm ventral to dura) using a Grass LM4 lesion maker. Current equivalent to 12-15 mA DC was passed for 15 sec through an electrode constructed from a stainless steel insect pin insulated except for 0.5 mm at the tip. Sham-operated hamsters were treated exactly the same as hamsters receiving lesions, except that electrodes were lowered to 1 mm above the lesion targets and no current was passed. Animals that died or showed poor running records were replaced by new hamsters; a total of 62 operated hamsters were studied.
At the end of both experiments, hamsters with lesions were given a lethal dose of sodium pentobarbital and were perfused with an intracardiac rinse of 1% buffered sodium nitrite, followed by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.2-7.4). Tissue was processed for neuropeptide Y immunoreactivity in the SCN using previously published techniqes (Harrington et al., 1985) . Completeness of lesions was determined by examining Klüver-Barrera stained sections through the geniculate area (Klfver and Barrera, 1953), as well as by assessing the density of remaining neuropeptide Y-immunoreactive fibers in the SCN and, in some cases, in the geniculate area.
EXPERIMENT I
The first experiment was designed to assess the effect of GHT ablation on the lightpulse phase response curve. Hamsters were housed in cages placed within individual, light-tight wooden boxes (52 x 48 x 37 cm). A fluorescent light tube (Sylvania Cool White-F15T12-CW) was attached to the ceiling, and a piece of white translucent Plexiglas, which acted as a diffuser, was placed 30 cm above the cage floor. Light intensities, measured in the middle of each cage, were approximately 40 >W/cm2 or 160 lux (range: 30-50 ~W/cm2). Lighting could be controlled independently for each box. A fan was on continuously to provide ventilation and background masking noise.
Hamsters were housed in DD. After a stable free-running rhythm was established, animals were exposed to four separate light pulses. Pulses were given at CTs 12, 14, 18, and 20, presented in a random order to each animal. If a phase shift could not be measured accurately because of instability in the rhythm, the pulse was later repeated. Once phase shifts to light pulses at each of these CTs were determined, eight hamsters were given geniculate lesions. After recovery from surgery, phase shifts to light pulses at each of the four circadian times were measured again (10-121 days after surgery).
Three hamsters received no surgery and served as controls for the effects of repeated measures; they were retested in the same manner as ablated hamsters. The responses of 17 additional intact hamsters to light pulses at these four CTs were measured. These hamsters were not retested because of illness or instability in their activity rhythms.
The second experiment was designed to assess the effect of GHT ablation on the dark-pulse phase response curve. Hamsters were housed in a room with lighting provided by two fluorescent light tubes (Sylvania Daylight-F40) set vertically against a wall 80 cm from the cages. These tubes generated light intensities of 5.5 ,..... W/cm2 or 50 lux measured in the middle of each cage (range: 5.0-6.0 ,.....W/cm2). Dark pulses were administered to all hamsters by turning off the room lights for 6 hr, or to individual hamsters by placing each hamster and its cage into a light-tight box (58 x 33 x 30 cm) for 6 hr. Shifts were not calculated for hamsters that showed imprecise onsets or that showed an activity rhythm split into two components approximately 12 hr apart. This experiment was run in three cohorts of hamsters. The first cohort consisted of 20 hamsters that were housed in DD until stable free-running rhythms were established (days 28-36); 10 hamsters then received geniculate lesions and 10 hamsters were sham-operated. On day 51, hamsters were placed in LL as described above and subsequently exposed to 6-hr dark pulses.
The second cohort consisted of 20 hamsters housed in LL. Ten of these hamsters had received geniculate lesions immediately before being placed in the room, while the remaining 10 hamsters served as intact controls. After a stable free-running rhythm was established for most of the hamsters (day 35), a dark pulse was administered by turning the room lights off for 6 hr. All animals also received 6-hr dark pulses on days 51, 71, and 92. By day 110, seven hamsters showed a &dquo;split&dquo; pattern of activity; the room lights were then turned off, and animals were kept in DD until day 130 in order to promote consolidation of their activity rhythms (Earnest and Turek, 1982) . Animals were returned to LL on day 130 and given a final dark pulse on day 153.
The third cohort consisted of 17 hamsters housed under LL. The purpose of this cohort was to further investigate the results obtained from the first two cohorts. We selected one time period at which the results from cohorts 1 and 2 suggested differences between the groups in dark-pulse-induced phase shifts (CT 8-10). Seven GHT-ablated and 10 sham-operated hamsters were tested for their responses to dark pulses at this time. All other procedures were identical to those for the first two cohorts.
RESULTS
HISTOLOGY .
Neuropeptide Y immunoreactivity in the SCN was greatly reduced in hamsters in which the IGL and the anterior VLGN were completely destroyed. A minimal amount of neuropeptide Y immunoreactivity remained in the ventromedial SCN after complete lesions (see Harrington et al., 1985) . Greater amounts of neuropeptide Y immunoreactivity in the SCN indicated incomplete lesions; this inference was confirmed in some hamsters by direct observation of surviving neuropeptide Y-containing cells in the geniculate area. Kluver-Barrera stained tissue allowed visualization of the GHT lesions and the incidental damage to portions of the dorsal lateral geniculate, nucleus, the medial geniculate nucleus, the zona incerta, and the ventral thalamic nucleus (see Fig. 1 ).
EXPERIMENT 1
The pattern of response to light pulses shown by intact hamsters in our laboratory was consistent with a previously published 15-min light-pulse phase response curve for hamsters . The hamsters that subsequently received lesions showed prelesion phase shifts that were not significantly different from the other intact hamsters' responses, F (1, 59) = 3.464, p > 0.05.
Six of the eight hamsters receiving lesions had complete GHT ablation. Each of the hamsters with complete lesions given light pulses at CT 18 and CT 20 showed decreases in phase advances after surgery in comparison to advances measured before surgery. At CT 18, the mean ( ± SEM) prelesion advance of 273 ± 39 min was reduced to a mean postlesion advance of 172 ± 15 min (n = 5; t test, p < 0.05). At CT 20, advances were decreased from a mean of 212 ± 38 min prelesion to a mean of 129 ± 19 min postlesion (n = 6; t test, 0.05 < p < 0.10). Phase delays elicited by light at CT 12 and CT 14 were not altered consistently by the lesions (see Fig. 2 ). °S everal hamsters did not survive long enough to obtain retest measures at all ~' four CTs. Because of the small number of retest scores obtained for the three control hamsters that did not receive lesions, we did not test for statistical differences between retest values for these hamsters and for those receiving lesions. The three control hamsters did not show substantial changes in the sizes of phase shifts (see Fig. 2 ). The largest change shown by a control hamster on retest was a decrease of 42 min in the shift produced by a CT 18 pulse; this decrease was smaller than all but one of those seen in ablated hamsters at that phase.
There was no change in free-running period that could be attributed to the lesions; however, most ablated and control hamsters showed a gradual decrease in period over the course of the experiment (cf. Pittendrigh and Daan, 1974) . Period changes were not correlated with alterations in phase shifting. EXPERIMENT 2 ', In cohort 1, none of the 10 hamsters that received lesions in the early part of the study had complete ablation of the GHT. Two of the hamsters replacing animals that died during the experiment did sustain complete GHT ablation, while five replacement hamsters had partial GHT ablation. In all, five phase shifts after dark pulses were recorded from the two hamsters with complete GHT ablation. Measures of 18 phase shifts after dark pulses were collected from the sham-operated hamsters in this cohort.
In cohort 2, 8 of the 10 hamsters that received lesions sustained complete GHT FIGURE 1. Representative coronal brain sections from hamsters with the smallest (A) and largest (B) lesions that completely ablated the intergeniculate leaflet (IGL) and the ventral lateral geniculate nucleus (VLGN). Complete ablation of tissue is shown as dark shading, while heavily gliosed areas are shown as lighter hatching. DLGN, dorsal lateral geniculate nucleus; HIPP, hippocampus; MGN, medial geniculate nucleus; OT, optic tract. x 12.
FIGURE 2. Mean (:!: SEM) difference between -I prelesion and postlesion phase shifts to 15-min light pulses given at various circadian times (CTs). Differences between first and second measures of phase shifts for animals that did not receive lesions are also shown (X's).
ablation. A total of 28 phase shifts to dark pulses were recorded from these 8 hamsters.
Since the pattern of phase shifts from the intact hamsters in cohort 2 did not appear to differ from that of the sham-operated hamsters in cohort 1, the data from these two groups (n = 20) were combined for phase shift analysis, as were the data for hamsters from both cohorts with complete lesions (n = 10). Measures of phase shifts were grouped into bins of 2 hr (CT) each. Apparent differences between the GHT-ablated and control hamsters were observed only for phase advances. Control hamsters showed phase advances to pulses centered on CT 5-18 and phase delays to pulses centered on CT 20-1. The dark-pulse phase response curve for the hamsters with complete lesions appeared to differ from that for the controls, in that the hamsters with lesions showed smaller advances than controls to pulses centered on CT 8-10 and CT 17-19 (see Fig. 3 ). A statistical analysis of these data was not possible, due to the variable occurrence of repeated measures.
In cohort 3, 6 of 7 hamsters that received geniculate lesions sustained complete ablation of the GHT. The phase shifts of these 6 hamsters to dark pulses centered FIGURE 3. Mean ( ± SEM) phase shift to 6-hr dark pulses for control hamsters (solid line) and for hamsters with complete GHT ablation (dashed line). Shifts were grouped into bins 2 hr (CT) in width. on CT 8-10 were compared to those of 10 sham-operated controls. Each animal contributed only one measure of phase shifting to the calculations. The mean CTs of the dark pulses given to hamsters of each group did not differ significantly (mean ± SEM for controls, CT 9.2 ± 0.1, and for lesions, CT 8.9 ± 0.1 ; t test, n.s.). The hamsters with complete GHT ablation showed decreased phase advances to dark pulses as compared to sham-operated hamsters (mean ± SEM for controls, 64.4 ± 10.9, and for lesions, -15.3 ± 14.9; t test, p < 0.001), thus confirming one of the suggested differences in the data from cohorts 1 and 2.
The responses of hamsters to various lighting conditions were analyzed. The cohort 1 hamsters were not grouped with the cohort 2 hamsters in this analysis for several reasons. Animals from different cohorts had different photic histories. The two hamsters in cohort 1 with complete GHT ablation were replacements of original hamsters and therefore had different photic histories from those of the control hamsters in this cohort. Finally, many of the dark pulses for cohort 1 hamsters were administered individually. Once hamsters showed disrupted activity rhythms, it was less likely that they would receive a dark pulse. Cohort 2 hamsters were treated much more uniformly, since hamsters were not replaced and since most dark pulses were administered to the group.
GHT-ablated hamsters differed from control hamsters in their responses to LL in two major respects: They showed rhythms with different periods under LL, and they were less likely to show &dquo;split&dquo; rhythms. The GHT-ablated hamsters in both the second and third cohorts differed from their respective control hamsters in their response to long-term exposure to LL. In the first 35 days of LL, before any dark pulses were administered, hamsters in cohort 2 with complete lesions showed significantly shorter free-running periods than did the intact controls (mean ± SEM, 24.07 ± 0.02 hr [n = 8] vs. 24.26 ± 0.06 hr [n = 10] ; t test, p < 0.02). The two hamsters with partial lesions had a mean period of 24.16 ± 0.03 hr. All cohort 3 hamsters experienced at least 20 days of LL before any dark pulses were administered. During this interval, hamsters with complete lesions showed free-running periods that were significantly shorter than those of the sham-operated controls (23.86 ± 0.05 hr [n = 6] vs. 24.05 ± 0.05 [n = 10] ; t test, p < 0.05). Three of the cohort 2 hamsters with complete GHT ablation displayed rhythms with periods of less than 24 hr throughout 110 days in LL, while no intact controls showed similarly sustained short-period rhythms. Figure 4 shows a record typical of the three hamsters with short periods. After 110 days of LL, this hamster's activity rhythm had a period of 23.77 hr. One ablated hamster (see Fig. 5 ) developed a very long period (approximately 26 hr) after 60 days in LL, shortly after exposure to a dark pulse.
The second major effect of GHT ablation on rhythms in LL was a decreased likelihood of &dquo;split&dquo; rhythms. After 110 days in LL, 7 of 10 intact hamsters, but none of the 8 ablated hamsters in cohort 2, showed typical &dquo;splitting&dquo; of activity rhythms into two components approximately 12 hr apart see Fig. 6 ). This difference was statistically significant (Fisher's exact test, p < 0.01). The split pattern was apparent in control animals after an average of 70 ± 4 (mean ± SEM) days in LL. One GHT-ablated hamster showed dissociated activity components FIGURE 4. Double-plotted record of wheel-running activity of a hamster with complete GHT ablation in Experiment 2. From day 0 to day 110, the hamster was housed under constant illumination (LL). It was then housed in constant darkness (DD) for 20 days, following which it was returned to LL until the end of the experiment. On days 35, 51, 71, 92, and 153, 6-hr dark pulses were given; these are indicated by black rectangles on the right side of the figure. that might have reflected incipient splitting (see Fig. 7 , days 95-110). One of the two hamsters with partial lesions in this cohort showed a split rhythm after approximately 60 days in LL. In cohort 1, the two hamsters with complete GHT ablation did not show split rhythms; however, these hamsters were not exposed to LL for as long as 110 days. Of the cohort 1 hamsters in LL for 110 days, 6 of 10 sham-operated and 6 of 9 partial-lesion hamsters had split rhythms. The split patterns were apparent after an average of 77 ± 12 days for the sham-operated hamsters and 73 ± 5 days for the partial-lesion hamsters.
When hamsters in cohort 2 were exposed to DD, all previously split rhythms fused again. Three ablated and one intact hamster showed activity rhythms with two components running with different periods under DD (see Fig. 8 ). There was no difference between ablated and control hamsters in the period of the activity rhythms during exposure to DD (t test, p = 0.52). Three hamsters with lesions had activity rhythms with periods that were longer in DD (mean period = 24.01 ± 0.05 hr) than in the preceding LL (mean period = 23.76 ± 0.05 hr; see Fig. 4 ); no control hamsters showed this pattern.
Rhythms during the second exposure to LL (days 130-200) showed much more disruption. During this time, intact hamsters showed typical splitting (five hamsters), disrupted activity rhythms (three hamsters), or arrhythmicity (two hamsters). One of the two hamsters with partial lesions showed splitting during the second exposure to LL. None of the seven hamsters with complete lesions exposed to LL a second time showed typical splitting or arrhythmicity during this period, but six hamsters showed some disruption of activity rhythms (see Figs. 4, 5, 7, and 8) . Sometimes these activity rhythms appeared to have two components, but these patterns differed from typical splitting in that the patterns were never stable and the components were not coupled approximately 12 hr apart as is characteristic of split rhythms. Although periods of the rhythms were rather variable during this interval, five of these six hamsters with complete lesions had activity rhythms with relatively long periods (ranging from 24.75 to 26.29 hr) during at least some portion of the second exposure to LL (see Figs. 4 , 5, and 7). 
DISCUSSION
Hamsters with GHT lesions showed responses to light and dark pulses that differed from those of control animals. Ablated animals displayed decreased phase advances to light pulses at CT 18 and CT 20, although no differences were observed in phase delays to pulses at CT 12 and CT 14. Responses to dark pulses may have been affected by GHT lesions in a similar manner; phase advances to pulses centered on CT 8-10 were decreased and advances to CT 17-19 pulses may also have been decreased, while the small phase delays elicited by pulses centered on CT 20-1 did not appear to differ between groups. Thus, it is possible that GHT ablation selectively attenuates phase advances without affecting phase delays, regardless of the type of stimulus used to induce these phase shifts.
Electrical stimulation of the VLGN at various CTs causes a pattern of phase shifts of hamster activity rhythms that is similar to that caused by dark pulses (Meijer et al., 1984) . It has proven difficult, however, to obtain large delays by such stimulation. Neuropeptide Y injections, which produce substantial phase advances, may also produce only relatively small phase delays (Albers and Ferris, 1984) . These observations support the idea that GHT neurons are involved principally in modulating phase advances rather than phase delays. Ralph and Menaker (1985) reported that in hamsters pretreatment with bicuculline selectively reduced the amplitude of delays caused by light pulses without affecting advances. These results and our data imply FIGURE 8. Double-plotted record of wheel-running activity of a hamster with complete GHT ablation. See Figure 4 for further explanation. that the mechanisms mediating phase delays and advances in the mammalian circadian system must diverge at some stage.
Three considerations must qualify the hypothesis that GHT ablation selectively affects phase advances. First, a moderately bright light was used for the light pulses. In an experiment comparing VLGN-ablated and control hamsters, Pickard and Ralph (1984) used lower light intensities than those used in this study and found that the VLGN-ablated animals showed increased delays to light pulses at CT 13.5, as well as decreased advances to light pulses at CT 18. The higher-intensity light pulses in the present study may have come close to saturating the circadian photic system. Increases in phase shifts might not have been observed because of a &dquo;ceiling&dquo; effect, while decreases could be measured readily.
A second consideration is that phase delays to dark pulses were quite small in control animals. Differences between ablated and control animals in delays might not have been apparent because delays were too small relative to the variability in shifts between animals. The dark-pulse phase response curve of the controls in this study differs in this respect from that of Boulos and Rusak (1982) , who reported delays as large as 5 hr after 6-hr dark pulses.
A third consideration is that GHT ablation did not appear to alter phase advances to dark pulses centered on CT 11-16. The groups appeared to differ only on the rising and falling slopes of the advance portion of the dark-pulse phase response curve. This observation does not support the hypothesis of a general effect of GHT ablation on phase advances, but indicates a more phase-specific effect.
Under DD, hamsters with GHT ablation showed rhythms with periods similar to those of controls; however, they displayed periods shorter than those of controls during an initial 35-day exposure to LL. In some animals, the period expressed in DD was actually longer than the period observed in an immediately preceding condition of LL. The latter response is atypical for hamsters, which generally show an increase in period with an increase in light intensity (Aschoff et al., 1973; Daan and Pittendrigh, 1976b) . Rusak and Boulos (1981) reported that hamsters with optic tract lesions at the level of the hypothalamus, which should also interrupt the GHT (Ribak and Peters, 1975; Legg, 1979) , showed activity rhythms with longer periods in DD and LL than those of controls (see also Rusak, 1977) . The differences between the results of these studies and the present study may be attributable to differences in the lesions used or to the different photic histories of the animals.
The relation between the effects of lesions on period and the effects on phase response curves is unclear. Under one theoretical framework , a decrease in the advance portion of the light-pulse phase response curve leads to the prediction of longer periods under LL and a more dramatic lengthening of period with increases in LL intensity. However, the ablated animals in our study showed the opposite relation: A decrease in the advance portion of the light-pulse phase response curve was associated with a shorter period in LL. The conclusion that animals with GHT ablation show decreased periods in LL must be qualified, since many ablated animals also showed extremely long periods during a second exposure to LL (see Figs. 5 and 7). One effect of GHT ablation may be to decrease stability of period under LL. Another study would be needed to determine to what degree the variability in period seen here was a response to LL and to what degree it was a response to repeated dark pulses, which often cause changes in period (Boulos and Rusak, 1982) .
Another effect of GHT lesions was that ablated animals did not show typical splitting of the activity rhythm into two components in LL. Control animals did show such splitting, which is a common finding in hamsters exposed to LL (Earnest and Turek, 1982; Pittendrigh and Daan, 1976b) . It is possible, but doubtful, that splitting would have been observed in some ablated animals if the second exposure to LL had been prolonged. During this time most ablated animals showed transient dissociation of activity rhythms into two or more components, as well as periods longer than those observed during the first exposure to LL. Rhythms with two components, however, did not appear stable in these animals; the second component usually had disappeared by the end of the exposure to LL. When exposed to DD, several ablated hamsters displayed activity rhythms with two components showing transiently different periods. This behavior is similar to that shown by intact mice (Peromyscus leucopus) exposed to DD after compression of their activity phase under LL .
The occurrence of rhythm disruptions in DD and in the second exposure to LL in GHT-ablated hamsters indicates that the absence of splitting during the initial exposure to LL is not due to a change in pacemaker structure that prevents the expression of multiple rhythmic components. Since the patterns of rhythms with several components never appeared stable in the hamsters with GHT ablation, it is possible that the coupling of these components is affected by loss of the GHT.
The behavioral effects of GHT ablation may indicate that GHT input to the SCN plays a direct role in inducing phase advances and in responses to LL. It is also possible, however, that GHT input plays only an indirect role. Thus, some other input may directly induce phase advances and reponses to LL, and GHT input may be necessary only for SCN neurons to respond adequately to this other input. Our data do not rule out either possibility.
Effects of GHT ablation are presumably attributable in part to the loss of the neuropeptide Y-containing afferents to the SCN. The effects of GHT ablation observed here are consistent with the idea that neuropeptide Y is selectively involved in phase advances. Recent observations, however, indicate that there are neuropeptide Y afferents to the SCN other than those originating in the IGL (Allen et al., 1984; Harrington et al., 1985) . Elimination of these afferents might amplify or alter the effects of IGL ablation. Such results might modify our interpretation of the role of neuropeptide Y in the SCN.
The effects of GHT ablation may also be attributed in part to the damage inflicted on retinal afferents to this area. Some of these afferents are collaterals of retinal afferents to the SCN (Pickard, 1985) , and their damage in the geniculate area may cause any of several structural changes in the direct retinal projection to the SCN (see Rusak and Boulos, 1981) ; these changes may include complete degeneration of the retinal ganglion cells whose bifurcating axons form at least part of the projection from the retina to the IGL and the SCN. Alterations of circadian rhythms may, therefore, result from a change in the photic information reaching the SCN via the direct retino-hypothalamic tract rather than from a loss of GHT afferents. In summary, this study has demonstrated that ablation of the GHT in hamsters produces several changes in photic responsiveness of circadian rhythms. Advances to both light and dark pulses at some phases were decreased following such lesions. Similar effects were not seen for delays, implying a differential role for the GHT in mediating different kinds of phase shifts. Ablated animals differed from control animals in the periods of activity rhythms expressed during exposure to LL, and ablated animals were much less likely than controls to show &dquo;split&dquo; activity rhythms in LL.
